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Experimental 

Crystal data 

C54H38O2 
M, = 718.84 
Monoclinic, P2Jc 
a = 14.325 (3) A 
b = 13.448 (3) A 
c = 19.914 (4) A 
8 = 101.449 (5)° 

Data collection 

Bruker CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.983, T m „ = 0.986 



Refinement 

R[F 2 > 2a(F 2 )] = 0.066 

wR(F 2 ) = 0.161 

S = 1.05 

8342 reflections 



V = 3759.9 (14) A 3 
Z = 4 

Mo Ka radiation 
fl = 0.08 mm~' 
T = 275 K 

0.23 x 0.22 x 0.19 mm 



42062 measured reflections 
8342 independent reflections 
4812 reflections with / > 2a(I) 
R iM = 0.051 



505 parameters 

H-atom parameters constrained 
Aft,„ = 0.21 e A~ 3 
Apmh>= -0.20 e A~ 3 



The racemic title compound, C54H 38 0 2 , consists of two 
C-linked pentaleno[l,2,3-y]naphthalenone moieties, the 
crowded aryl ring substitution on the cyclopentane rings 
forcing the two segments to assume a conformation which has 
pseudo-twofold rotational symmetry, with a dihedral angle 
between the naphthalene substituent groups of 55.30 (8)°. In 
each segment, the two phenyl rings have different conforma- 
tional orientations, with inter-ring dihedral angles of 34.7 (2) 
and 49.63 (16)°. Each cyclopentane ring has the same relative 
configuration in its four chiral centres and together with the 
fused naphthalene ring assumes an overall chair-like confor- 
mation. 

Related literature 

For photoluminescence properties of naphthalene 
compounds, see: Cai et al. (2010); Haneline et al. (2002); 
Koning et al. (2003); Tsubaki et al. (2006). For a related 
structure, see: Dyker (1993). 




Data collection: SMART (Bruker, 1997); cell refinement: SAINT 
(Bruker, 1997); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZS2187). 
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rac-7,7 f ,9,9 f -Tetraphenyl-9a,9a f -bi(7 r 8 r 9,9a-tetrahydro-6aH-pentaleno[1,2,3- 
ij\ naphthalen-8-one) 

Xiangdong Zhang, Junwei Ye, Weitao Gong, Yuan Lin and Guiling Ning 
Comment 

Naphthalene derivatives have attracted considerable attention because of their superb photoluminescence (PL) 
performance (Cai et al, 2010; Haneline et al., 2002; Koning et ah, 2003; Tsubaki et ah, 2006). The investigation of 
structures of nonplanar naphthalene derivatives therefore constitutes a significant thrust in PL materials research. In the 
present study, a naphthalene and phenyl substituted cyclopentanone compound C54H38O2 has been synthesized and its 
crystal structure is reported here. A similar structure with half the skeleton of the title compound has been reported 
(Dyker, 1993). 

The racemic title compound (Fig. 1) consists of two C-linked 2,5-diphenyl-3,4-naphthylcyclopentan-l-one moieties, the 
linking bond [C3 — C3' = 1.578 (3) A] being elongated due to the steric crowding afforded by the aryl ring substituents on 
the cyclopentane rings. The two segments assume a conformation which gives the molecule pseudo-twofold rotational 
symmetry, with a dihedral angle between the naphthalene groups of 55.30 (8)°. The torsion angle C4 — C3 — C3' — C4' 
about the C — C bridge is -63.8 (2)°. In each segment, the two phenyl rings have different conformational orientations, 
with inter-ring dihedral angles of 34.7 (2) and 49.63 (16)°. Each cyclopentane ring has the same relative configuration in 
its four chiral centres [C2(5, C3(5, C4(5, C5(R and C2'(5, Ci\S, C4'(S, C5'(R] and together with the naphthalene ring 
give an overall chair-like conformation. As expected there are no significant intermolecular interactions, giving simple 
unassociated molecular stacks (Figs. 2 and 3). 

Experimental 

The title compound was prepared by a coupling reaction with 2,5-diphenyl-3-hydroxyl-3,4-naphthocyclopentan-l-one. 
This ketone (0.38 g, 1 mmol) and Me 3 SiCl (0.61 g, 6 mmol) were dissolved in 10 ml of dry toluene and a suspension of 
0.9 g (6 mmol) of Nal in 1 ml of anhydrous CH3CN was added. The system was stirred at room temperature with light- 
avoidance for 8 h. When the reactant was exhausted, the reaction was cooled to 273 K and quenched with 10 ml of water. 
The mixture was extracted with diethyl ether, and the organic fraction was washed with aqueous sodium thiosulfate and 
brine in sequence, and evaporated under reduced pressure to give the crude product which was purified by flash 
chromatography (eluent: dichloromethane/petroleum ether, 1:5) to give title compound (0.23 g). Colorless crystals were 
obtained from a dichloromethane solution layered with methanol after a few days. 

Refinement 

The H atoms were placed in calculated positions [C — H = 0.93 A (aromatic) or 0.98 A (methine) and refined in the 
riding-model approximation with £/ iso (H) = 1.2£/ eq (C). 
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Computing details 

Data collection: SMART (Bruker, 1997); cell refinement: SAINT (Bruker, 1997); data reduction: SA INT (Bruker, 1997); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008). 




Figure 1 

The molecular conformation and atom numbering scheme for the title compound, showing 30% probability displacement 
ellipsoids. 
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Figure 2 

The stacking mode of the title compound. 




Figure 3 

A view of the molecular stacks of the title compound extending along the c axis. 

rac-7,7',9,9'-Tetraphenyl-9a,9a'-bi(7,8,9,9a-tetrahydro-6aH- pentaleno[1,2,3-//]naphthalen-8-one) 

Crystal data 

C 5 4H 38 02 Hall symbol: -P 2ybc 

M T = 718.84 a = 14.325 (3) A 

Monoclinic, P2Jc b = 13.448 (3) A 
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c= 19.914(4) A 
R = 101.449 (5)° 
V= 3759.9 (14) A 3 
Z = 4 

F(000)= 1512 

£> x = 1.270 MgnT 3 

Mo ATa radiation, 1 = 0.71073 A 

Z)ata collection 

Broker CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
T mm = 0.983, = 0.986 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > 2<t(^ 2 )] = 0.066 

wR{F 1 ) = 0.161 

S = 1.05 

8342 reflections 

505 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Cell parameters from 42062 reflections 

(9 = 2.6-27.7° 

/u = 0.08 mirr 1 

7=275 K 

Block, colorless 

0.23 x 0.22 x 0.19 mm 



42062 measured reflections 
8342 independent reflections 
4812 reflections with I > 2o(I) 
R im = 0.051 

ftnax = 27.7°, # m j n = 2.6° 

A = -18->18 
& = -15->17 
/ = -25->22 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/tfiF 2 ) + (0.0377P) 2 + 2.9173P] 

where P = (F 2 + 2F 2 )/3 
(A/ t r) max < 0.001 
Ap max = 0.21 e A" 3 
A/w = -0.20 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


^iso ' ^eq 


01 


0.44413 (13) 


0.31609(14) 


0.25183 (10) 


0.0548 (5) 


or 


0.14712(15) 


0.08762 (17) 


-0.05330 (12) 


0.0808 (7) 


Cl 


0.36038 (18) 


0.30516 (18) 


0.22892 (12) 


0.0412 (6) 


cr 


0.16606(19) 


0.1682 (2) 


-0.02781 (15) 


0.0553 (7) 


C2 


0.31861 (17) 


0.22012(18) 


0.18147(12) 


0.0424 (6) 


H2 


0.3620 


0.2062 


0.1503 


0.051* 


C2' 


0.25646(18) 


0.18987 (19) 


0.02529 (13) 


0.0458 (6) 


FLT 


0.2660 


0.1355 


0.0587 


0.055* 


C3 


0.22333 (16) 


0.26340 (18) 


0.13837 (12) 


0.0388 (6) 


C3' 


0.23484 (17) 


0.28710(18) 


0.06285 (12) 


0.0402 (6) 
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P A 

C4 


0.20277 (17) 


A T/^O^O /J 0\ 

0.36262 (18) 


0.17678 (12) 


A A A AA / ti\ 

0.0400 (6) 


TJ A 

H4 


0.2U5 / 


A A O AC 

U.4205 


A 1 AH A 

U. 14 /4 


A A/1 O * 

0.048* 


C4 


a 1 nno / 1 o\ 

0.13773 (18) 


A "> 1AAO / 1 A \ 

0.32998 (19) 


A Pi 1 O O A 

0.01889 (12) 


A A A A A //'\ 

0.0444 (6) 


ISA ' 

H4 


A AOQO 

O.Oooz 


0.3299 


0.0405 


0.055* 


C5 


O.zo0z5 (1 /J 


0.3 /0/4 (lo) 


AO/1 1 A/1 o^ 

0.Z4504 (Iz) 


A A/1AO 

0.0400 (6) 


H5 


A O C J A 

0.2544 


A 1 1 O 1 

0.3381 


A OTA/I 

0.2 /94 


A A/1 A* 

0.049* 


C5 


a 1 m c a /1 a\ 

0.10759 (19) 


0.2619 (2) 


A f\A A C O /1 /1\ 

-0.04458 (14) 


A AC A A SH\ 

0.0549 (7) 


H5 


A 1 O AO" 

0.130 / 


A OA J O 

0.2942 


A AOOI 

—0.0823 


0.066* 


p r 

C6 


A T 1 1 OC / 1 0\ 

0.31185 (18) 


a 1 n yi c / 1 o\ 

0.12745 (lo) 


A OO/IAO" /I T\ 

0.22407 (13) 


A A A O O 

0.0423 (6) 


C6 


A 1 /I 1 1 C / 1 G\ 

0.34115 (18) 


A 1 AOO ZO\ 

0.1922 (2) 


—0.009 /o (13) 


AA/1 /TO ( ll\ 

0.0465 (6) 


/in 

C7 


0.3683 (2) 


A A /I PO /ON 

0.0463 (2) 


A 11/fO /1 /"\ 

0.21658 (16) 


A AC O A 

0.0584 (7) 


H/ 


A J AAA 

0.4090 


A A J AO 

0.0493 


0. 185o 


A A*7A* 

0.0 /o* 


C7 


(\ A \ H A 

0.4174 (2) 


A 1 O AO ZO\ 

0.1298 (2) 


AA1010 /1 £\ 
0.01212 (16) 


0.0647 (8) 


T H' 

H/ 


a /i 1 
U.4168 


A AO£Q 

U.U868 


A A/I 0£ 

0.0486 


A A"70* 
U.U/8* 


P o 


0.3647 (2) 


A AT A O /ON 

-0.0398 (2) 


A O C A A /O \ 

0.2549 (2) 


a Am/ - /1 pi\ 

0.0776 (10) 


ho 


A A AO A 

0.4020 


A AA A A 

—0.0944 


A O J O O 

0.2488 


A AAT * 

0.095* 


p O f 


0.4955 (2) 


A 1 1 C\£L /O \ 

0.1306 (3) 


A A 1 A A ZO\ 

-0.0199 (2) 


A AOA1 (\ A \ 

0.0807 (10) 


Ho 


A C /I en 
0.546/ 


A AOO/1 

U.U884 


A AA/1 A 

— U.UU44 


a Am* 
U.09 /* 


p (\ 
G9 


A O A /" 1 

0.3061 (2) 


A A A O A /O \ 

-0.0439 (3) 


A 1AI /1 A\ 

0.30166 (19) 


A AH/"/l /1 A \ 

0.0764 (10) 


H9 


A 1 A/1 A 

0.3040 


A 1 ft1 1 

—0.1013 


A 1TJ/I 

0.32 /4 


A AAO * 

0.092* 


/~* A' 

C9 


0.4979 (2) 


A 1 A^ C /~)\ 

0.1925 (3) 


A AT) O ZO\ 

-0.0738 (2) 


A AT^O / 1 A\ 

0.0768 (10) 


T_T(V 

H9 


A C A A A 

0.5499 


a 1 m 1 
U.1921 


A AACO 

—0.0953 


A AAO * 

U.U92* 


CIO 


0.2513 (2) 


0.0357 (2) 


0.31033 (15) 


0.0602 (8) 


T T 1 A 
H10 


A O 1 1 A 

0.2119 


a ao 0 0 
0.0328 


A 1 A OO 

0.3422 


A AO"0 * 

0.0/2* 


p i pi f 

CIO 


0.4226 (2) 


0.2553 (3) 


A A A C A A /1 f \ 

-0.09590 (15) 


A C\£L A O ZO\ 

0.0642 (8) 


TT1 A t 

H10 


0.4237 


A OAOO 

0.2982 


A 1 O O 1 

—0.1323 


A ATI* 

0.077* 


pi 1 

Cll 


A O CO A ZO\ 

0.2539 (Z) 


A 1 O AC ZO\ 

0.1205 (2) 


0.27215 (13) 


A AC 1 A (H\ 

0.0510 (7) 


TJ 1 i 

HI 1 


A O 1 /CA 

0.2160 


A 1 "7 A A 
U. I /44 


0.2/8/ 


A A£ 1 * 


Cll 


A 1 A C 1 

0.3453 (2) 


A O C /I A ZO\ 

0.2549 (2) 


A C\£ A A C i 1 1\ 

-0.06445 (13) 


A AC /I A 

0.0549 (7) 


T TJ 1 f 

Hlr 


0.2947 


A OATT 

0.2977 


A AOAO 

-0.0802 


0.066* 


C12 


A 1 ") f /I A /1 "7 \ 

0.13540 (17) 


A 1 A A A A /1 P* \ 

0.19949 (19) 


0.13976 (12) 


A A A O 1 

0.0431 (6) 


C12 


U.3U568 (18) 


A 1T1 O/l /1 A\ 

0.3 /184 (19) 


A A/CACT /1 OA 

0.0605 / (12) 


U.U428 (0) 


p 1 j 
C13 


0.1127 (2) 


A 1 AO O ZO\ 

0.1028 (2) 


A 111 £C /I C\ 

0.12165 (15) 


A ac^a /n\ 

0.0569 (7) 


TT1 "5 

H13 


A 1 f Cf 

0.1555 


A AzTIO 

0.0628 


A 1 A A C 

0.1045 


0.068* 


PI -)l 

C13 


A A A 1 /"A /1 A\ 

0.40160 (19) 


A ") O AO /ON 

0.3802 (2) 


A AO A f\ A /I 1\ 

0.08404 (13) 


A A C A 1 /T\ 

0.0501 (7) 


t_t 1 1 ' 
H13 


A A1 £0 

0.4362 


a i^n a 

yj.il /4 


a 1 c\cn 
0.106/ 


A A£A* 


p^ i a 

C14 


A AO O A ZO\ 

0.0239 (2) 


A A/^ A O /I \ 

0.0648 (3) 


0.12933 (17) 


0.0703 (9) 


TJ 1 A 

H14 


A AAO£ 
U.U086 


A AAA/1 


A 1 1 £A 

U. 1 16U 


A AO A * 
U.U84* 


pi 
C14 


A A A^l C /O \ 

0.4475 (2) 


A A "7 A 1 ZO\ 

0.4701 (2) 


A AT) C /I /I r\ 

0.07354 (15) 


0.0624 (8) 


t_ti a ' 
H14 


a r no 
0.5128 


0.4/54 


A aoa/; 
0.0896 


A AO"C* 

0.0/5* 


C15 


A A A A 1 /T\ 

—0.0401 (2) 


A 1 1 AT /O \ 

0.1193 (3) 


0.15528 (16) 


A A/fOf (C\\ 

0.0685 (9) 


TJ 1 C 

HI j 


A AAQ J 

—0.0984 


A AA 1 C 

0.0915 


A 1 C C7 

U.158/ 


A AOO * 

0.082* 


P 1 C f 

C15 


0.3997 (2) 


A C A A A /ON 

0.5494 (2) 


A A/1 AT) /1 /"\ 

0.04072 (16) 


A A/"/" 1 / Pi \ 

0.0661 (9) 


i_ri c 
HID 


a a in 
U.4323 


a £r\nn 
U.6U/ / 


A A"5 C A 

U.U354 


A ATA* 
U.U /9 


C16 


-0.0753 (2) 


0.2827 (3) 


0.20793 (16) 


0.0697 (9) 


H16 


-0.1352 


0.2624 


0.2138 


0.084* 


C16' 


0.2416(3) 


0.6173 (2) 


-0.02160(16) 


0.0712 (9) 


H16' 


0.2672 


0.6786 


-0.0299 


0.085* 


C17 


-0.0424 (2) 


0.3745 (3) 


0.22916(16) 


0.0728 (10) 
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T T 1 i-l 

HI / 


A AOA1 

—0.0803 


A A 1 C A 

0.41^4 


A 1CA1 

0.2503 


A AOI* 

0.08 l w 


C17' 


0.1474 (3) 


0.5996 (2) 


A f\ A A C O / 1 f\ 

-0.04458 (16) 


A ATI 1 /1 A\ 

0.0733 (10) 


HI / 


A 1 AAO 

U. 11)95 


11.649/ 


A A^O 1 
— U.U651 


A AOO* 


C18 


A A/1 TA 

U.U4/U (z) 


A /l 1 AC /OA 

U.41U5 (Z) 


A OOA/l A /1 /l\ 

U.zzU4l) (14) 


A ACAA fQ\ 

U.U599 (o) 


TJ 1 Q 

H18 


U.U6/3 


A HT1 A 

U.4 /39 


U.z35 1 


A ATI* 
U.U/Z^ 


(~* 1 O' 

C18 


A 1 A/I C 

U. 11)45 (z) 


U.5US4 (Z) 


A A*5 -1 O -1 / 1 /I \ 

— U.U34z4 (14) 


U.U6z4 (a) 


TJ 1 Qf 

H18 


A A/1 AA 

U.U400 


A A C\HC\ 

(J. 49 /9 


A AC 1 O 

— U.U51Z 


A A"7C * 
U.U/5 V 




A 1 A"5 AA / 1 H\ 

U. 1U3UU (I /) 


U.35UZ (z) 


A tOAA/l / 1 1 \ 

I). 18994 (13) 


U.U453 (6) 


pin' 


a 1 cnnc / 1 oa 


a /lid 
U.4JJJ (Z) 


A AA1 /1 1\ 

U.UU136 (Iz) 


A A/1"7"7 
U.U4/ / (6) 


C20 


A A 1 O AA / 1 A\ 
— U.U189U (19) 


A O 1 O 1 ZO\ 

U.Z181 (2) 


A 1 1 A / 1 /I \ 
0.1 / /19 (14) 


U.U56 / (8) 


CzU 


A TA1 /I /oa 

U. 31)14 (z) 


U.5432 (Z) 


A A 1 A OA f \ A\ 

U.Ui4s9 (14) 


U.U56/ (/) 


C21 


A A"7AA/~ / 1 T\ 

0.07006 (17) 


0.2551 (2) 


A 1 /'OH / 1 O \ 

0.16821 (13) 


A A A C 1 

0.0451 (6) 


Czl 


a or/:/:/: /i n\ 
O.ZOOOO (19) 


A kii/: /i n\ 

U. 45336 (19) 


U.UZDoy (Iz) 


A A/1 /I /I 

0.0444 {o) 


C22 


a t Ann /i n\ 

0.30952 (17) 


0.47445 (19) 


0.26837 (13) 


A A /I C O //'N 

0.0458 (6) 


C22 


A AA 1 1 /1\ 

0.0013 (2) 


A 1 A 0£ /I \ 

0.2486 (3) 


-0.06871 (15) 


A A/: /I A /o\ 

0.0640 (8) 


C23 


A 1 C C 1 /I \ 

0.3551 (2) 


0.5379 (2) 


(\ 1 1 1 1 A /i n\ 

0.23124 (17) 


A A/dO /ON 

0.0648 (8) 


Hz J 


0.5OO / 


O.j 1 /j 


a 1 on 1 
0. lo^l 


A A*70* 
0.0/8^ 


C23 


A f\ A *7 A /I \ 

-0.0474 (3) 


a i m 1 /i \ 

0.3071 (3) 


A 1 1 1 /T1 / 1 T\ 

-0.12167 (17) 


A AAA1 / 1 1\ 

0.0907 (12) 


t ti i f 
Hz J 


A A 1 /I 1 

—0.0141 


A 1 f 11 

0.3523 


A 1/111 

-0.1433 


A 1 AAA 

0.109^ 


C24 


a ion 

0.3837 (2) 


A ZT1AA /1\ 

0.6309 (2) 


A 1 C C /I /1\ 

0.2554 (2) 


A AO 1 A / 1 1 \ 

0.0819 (11) 


Hz4 


A /l 1 /l O 

U.414V 


a rii/i 

O.o /z4 


o.zzyo 


A AGO* 

0.098* 


C24 


a 1 /in /i \ 

-0.1452 (3) 


0.2986 (5) 


A 1 ^1f /1\ 

-0.1425 (2) 


A 1 1 A 1 / 1 A\ 

0.1201 (19) 


H24 


a 1 m 

-0.1773 


A 1 1 AC 

0.3395 


A 1 171 

-0.1772 


A 1 A A A 

0.144* 


PTC 

C25 


a i zt/:a /i \ 

0.3669 (3) 


0.6630 (3) 


A 1 1 £111 /1\ 

0.3166 (3) 


A AA A1 / 1 1 \ 

0.0902 (13) 


Hz 5 


A 1 0££ 

U.3&66 


A ^70AA 

U. /z6U 


U.33Z / 


A 1 AO* 


C25' 


A Ift/IO /I \ 

-0.1948 (3) 


A 11A1 /C\ 

0.2307 (5) 


-0.1127 (3) 


A 111 /I \ 

0.122 (2) 


H25 


—0.2602 


A 11 A 1 

0.2243 


a 1 no 

—0.1278 


A 1 /IT* 

0.147* 


C26 


A 1 OAT /I \ 

0.3203 (3) 


A /_ A 1 1 /I \ 

0.6012 (3) 


A 1 C /I A /1\ 

0.3549 (2) 


A A A 11 / 1 1\ 

0.0913 (12) 


Hz 6 


A Q AO 1 


U.6ZZ / 


A Tn^T 

U.3y6 / 


A 1 1 A* 

U. 1 1U 


C26' 


-0.1475 (3) 


0.1711 (4) 


-0.0598 (3) 


0.1068 (15) 


H26' 


-0.1808 


0.1246 


-0.0392 


0.128* 


C27 


0.2920 (2) 


0.5070 (2) 


0.33056 (15) 


0.0643 (8) 


H27 


0.2609 


0.4654 


0.3563 


0.077* 


C27' 


-0.0500 (2) 


0.1820 (3) 


-0.0381 (2) 


0.0796 (10) 


H27' 


-0.0185 


0.1433 


-0.0019 


0.095* 



Atomic displacement parameters (A 2 ) 





(7" 


JJ12 


U 33 


U n 




IP 


01 


0.0416(11) 


0.0534(12) 


0.0663 (12) 


-0.0047 (9) 


0.0033 (9) 


0.0017(10) 


or 


0.0679 (14) 


0.0671 (15) 


0.1050(18) 


-0.0086 (12) 


0.0112(12) 


-0.0422 (14) 


Cl 


0.0422 (15) 


0.0393 (14) 


0.0415 (13) 


-0.0041 (11) 


0.0070(11) 


0.0061 (11) 


CT 


0.0504 (16) 


0.0584 (19) 


0.0589(17) 


-0.0060 (14) 


0.0153 (13) 


-0.0190(15) 


C2 


0.0439 (14) 


0.0398 (14) 


0.0457 (14) 


-0.0009 (12) 


0.0139(11) 


-0.0013 (12) 


C2' 


0.0501 (15) 


0.0422 (15) 


0.0458 (14) 


0.0008 (12) 


0.0113 (12) 


-0.0050 (12) 


C3 


0.0388 (13) 


0.0362 (13) 


0.0424(13) 


-0.0013 (11) 


0.0103 (10) 


-0.0029(11) 


C3' 


0.0422 (14) 


0.0370(13) 


0.0418 (13) 


-0.0014(11) 


0.0093 (11) 


-0.0041 (11) 


C4 


0.0438 (14) 


0.0372 (14) 


0.0391 (13) 


0.0001 (11) 


0.0085 (10) 


-0.0005 (11) 


C4' 


0.0438 (14) 


0.0475 (15) 


0.0417 (13) 


0.0018(12) 


0.0077(11) 


-0.0050 (12) 


C5 


0.0430 (13) 


0.0402 (14) 


0.0404 (13) 


-0.0050(11) 


0.0113(11) 


-0.0011 (11) 
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CJ 


p» acit /i AA 
0.0j3 / (16) 


a n^oo ( '1 aa 
O.OoZZ (IV) 


A A/1 71 p| 
0.04 / I (1 J) 


A AA1 1 / 1 A\ 

— 0.0011 (14) 


A AAC/1 /1 TA 

0.00J4 \ll) 


AA11T /1/1A 

— 0.011Z (14) 


p^a 
C6 


ft A/)f 1 / 1 /I A 

0.04M (14) 


A A7 1/1 / 1 7 A 

0.0334 (1j) 


A A/1CO /1 /1\ 

0.04jo (14) 


A A A 1 T ( 1 1 A 
— 0.001Z (11) 


A AAT C ( 1 1 A 

O.OOzj (11) 


A AAA A / 1 1 A 

—0.0004 (11) 


PA t 

C6 


Pi A/1tt /1 ca 
0.04 /Z (13) 


A A A C(\ / 1 C\ 

0.0460 (1 j) 


A A/1CA /1 A\ 

0.04jV (14) 


A AAT A (A TA 

0.00Z6 (Iz) 


A A 1 AA /1 TA 

0.0100 (lz) 


A A1TA /1TA 
— 0.01Z0 (13) 


C / 


p» Ac n pi7"\ 
O.Oj 1 / (1 1) 


A A/1 0/1 / 1 T\ 

0.04o4 (1 /) 


A A*7C /T\ 
0.0 ID (Z) 


A AACA (\ A\ 

O.OOjo (14) 


A A1 1A /1/1A 
0.01 10 (14) 


A AAAC /1 CA 
0.006J (1 J) 


PT' 

C / 


p» AA/1 i / 1 n\ 

o.oo4i (iy) 


A AA 1 O /I A 1 * 

o.ooiz (iyj 


A AT1 /'TA 

0.0 / 1 (Z) 


A A 1 A T (A AA 

0.014/ (lo) 


A A1 Tl /1 AA 

0.01 15 (16) 


A AAT 1 / 1 AA 

— O.OOzl (16) 


Co 


A ATA /TA 

0.0 /0 (z) 


a a a an i 1 n\ 
0.04V/ (IV) 


n in /I a 

0.11Z (j) 


A A 1 TT / 1 TA 
0.01 / / (1 /) 


A A 1 A /T A 

0.014 (z) 


A A1 O PTA 

0.0 lo (z) 


p^ Q f 

Co 


A AAT /TA 
O.Ooz (Z) 


a c\in 
0.0 / / (z) 


A 1 AC /"2\ 

O.lOj (j ) 


AA101 /'lOA 

O.Olol (IV) 


A ATI /TA 

0.0z3 (Zj 


A AAT /TA 

—0.00 / (z) 


p^a 

cv 


A AT/1 /TA 

0.0 /4 (z) 


A AC C ZO\ 

O.Ojj (z) 


A A AT 

0.0V/ (j) 


A AAA/1 /1 OA 

—0.0004 (lo) 


A AAA /TA 

O.OOV (z) 


A ATAA /1 AA 

O.OzoV (IV) 


/"■A' 

CV 


A AA 1 /TA 
0.061 (Z) 


A AOC /"3^ 

O.Ooj (j ) 


A AA 1 /"2\ 

0.0V1 (j) 


A AA1 1 / 1 OA 

— 0.003 1 (IV) 


A A1TO /1 OA 

0.03ZO (IV) 


A A 1 O /TA 

— 0.0 lo {1 ) 


CIO 


A AAA7 /1 AA 

0.0663 (IV) 


A AO^ /1 o^ 

O.Ojzo (lo) 


A AAA1 /1 OA 

O.OoOj (lo) 


A A 1 AC ( 1 AA 

— 0.010J (16) 


A AAA/1 /1 CA 

0.00V4 (1 J) 


A A 1 T C ( 1 CA 

O.OIzj (Ij) 


CIO 


A AA1 C /1 A A 

0.063j (IV) 


0.0/ / (z) 


A ACCO /1 n\ 

O.Ojjo (1 /) 


A A1 AT /1 OA 

— 0.010 / (lo) 


A ATA1 /1 CA 

0.0Z03 (Ij) 


A A 1 TT /1 AA 
— O.OlZZ (16) 


Cll 


A AC OO / 1 TA 

O.Ojoo (1 /) 


A CiAICi /1 CA 

0.04j0 (1j) 


A AC 1 O / 1 A\ 

O.OjIo (lo) 


A AAT7 /1 1\ 

— 0.00z3 (13) 


aaiti /iia 
O.Olzl (13) 


A AACA /1 7A 

O.OOjO (13) 


Cll 


A AC 1 A / 1 AA 

0.0M4 (16) 


A AAC O (A o^ 
O.Oojo (IV) 


A A/1 1 A /1 C\ 

0.04 /4 (1 j) 


A AAAT (A A A 

0.000Z (14) 


A AAOC /1 1A 

O.OOVj (13) 


A AAT/1 /1 A\ 

—0.00 /4 (14) 


Clz 


A A/11 1 /1 A\ 

0.0431 (14) 


A A/I1A /1 A\ 

0.041V (14) 


A A/I/IT /1 A\ 

0.044Z (14) 


A AACA ( 1 TA 

— O.OOjO (Iz) 


A AAOI / 1 1 A 

0.00o3 (11) 


A AA/1 A /1 TA 

0.0044 (lz) 


Clz 


A A/I "71 / 1 CA 

0.04 15 (1 j) 


A A/1 T3 / 1 C\ 

0.04ZJ (Ij) 


A A/1 AA / 1 1 \ 

0.0406 (13) 


A AAA A (\ TA 

—0.0064 (lz) 


AA111 /11A 

0.0131 (11) 


A AACT /1 TA 

—O.OOj / (lz) 


fi t 

C13 


A /1 TA 

0.03 / / (1 /) 


A A /I AO / 1 T\ 

0.04oz (1 /) 


A AAA/1 /1 OA 

0.0664 (lo) 


A A1 TT ( ~\ A\ 
— 0.01Z / (14) 


A A1 1 A /1 A\ 

0.01 16 (14) 


A AATO ( ~\ /I A 

—O.OOzo (14) 


C13 


A rtcio /i aa 
0.0j3o (16) 


A AC2/1 /1 T\ 

0.0jj4 (1 /) 


A A/1 AA ^1 CA 

0.0460 (1j) 


A AA/1 C / 1 A A 
— 0.004J (14) 


A A1 AT /1 TA 

0.016 / (lz) 


A AAAC /1 1A 
— O.OOOJ (13) 


C14 


A AAC /TA 

0.06j (z) 


A AA 1 (^\ 

O.Ool (z) 


A AO 1 

O.Ool (Z) 


A ATTA (A TA 
— O.OZZV (1 /) 


A AA/1 1 /1 TA 

0.0041 (1 /) 


A AAC C / 1 OA 

O.OOjj (lo) 


P" 1 1 A ' 

C14 


A AC ot / 1 qa 

O.Ojo / (lo) 


A AAA 

O.OoV (z) 


A AA1A /1 OA 

0.0630 (lo) 


A AT 1 A ( 1 AA 
— 0.0Z16 (16) 


A A1 AT /1 CA 
0.01V / (1 J) 


A AATC /1 TA 

—O.OOzj (1 /) 


p 1 c. 

CI j 


A AC 1 A /1 OA 

0.0j 10 (lo) 


0.0 / / (Z) 


A ATC ( r )\ 
0.0 / J (Z) 


A ATTC ( \ TA 
— O.OZZJ (1 /) 


A AAT 1 /1 AA 
0.00 / 1 (16) 


A ATAC /1 OA 

O.OzOj (IV) 


CI J 


A AQO /OA 

O.OoV (Z) 


A ACO/1 ^1 G\ 

0.0jZ4 (IV) 


A AA1Q ^1 OA 

O.OojV (1") 


A AT/1 1 /I OA 

0.0Z41 (lo) 


0.031 1 (1 /) 


A AA7 O /1 AA 

0.0030 (10) 


p~~ i /- 
Clo 


a c\a ac /1 ta 
0.046j (1 /) 


A 1 A1 /1\ 

0.10J (3) 


A AA 11 /1 A\ 

0.0613 (IV) 


A AAA/1 /1 AA 

—0.0004 (IV) 


AA1C1 /1CA 

0.01M (Ij) 


A An /TA 

0.013 {!) 


p 1 1 a' 
Clo 


A 1 1 C /7A 

O.Hj (5) 


A A A 1 O / 1 0\ 

0.04jo (lo) 


A AA 1 A / 1 A\ 

0.0616 (IV) 


A A AAA /1 AA 

—0.0006 (IV) 


A A 7 7 /T A 
0.033 (1) 


A AAT7 /1 AA 
0.00/3 (16) 


CI / 


A AC 10 p| 0\ 

O.OjIo (lo) 


0. 10 / (j ) 


A AA1 ( r )\ 

0.063 (z) 


A A 1 O /TA 

o.oiy (z) 


A A1 OC /1 CA 

O.OIVj (Ij) 


A AAT /TA 

—O.OOZ (z) 


CI / 


A 1 AO /I A 

0. 10V (3 ) 


A AC/1 

0.0j4 (z) 


A AAAT (\ C\\ 

O.OoOz (IV) 


A AT 1 /TA 
0.0Z1 (z) 


A AT1T / 1 OA 

0.0z3z (IV) 


A A1T1 /1AA 

0.01Z3 (16) 


Clo 


A AC7A /1 TA 

0.0j JO (1 /) 


A ATA 

0.0 /0 (z) 


A ACTT /1 H\ 

O.Oj 11 (1 /) 


A A 1 1 1 /"1 CA 

0.0113 (Ij) 


A A1 1/1/1 A\ 

0.01 14 (14) 


A AA07 /1 CA 

— 0.00o3 (Ij) 


pi Of 

Clo 


A A*7 A /TA 

0.0 /o (z) 


A AA1 /0\ 

O.Ooj (Z) 


A A A OT / 1 A\ 

0.04o / (16) 


A A 1 TC / 1 TA 
0.01 /J (1 /) 


AA170/1CA 

0.013o (Ij) 


A AACA /1 CA 

O.OOjV (Ij) 


P1Q 

civ 


A A1GA /1 A A 

O.OjvO (14) 


A AC/1 1 /1 T\ 

0.0j4j (1 /) 


A A/1 TT (A A \ 

0.04Z / (14) 


A AACT /1 TA 

O.OOj / (lz) 


A AAOA /1 1 A 
O.OO06 (11) 


A AAT A / 1 TA 

O.OOzO (lz) 


pinf 

ciy 


A AAA/1 /n^ 
0.0604 (1 /) 


A A/1 AT (\ £.\ 

0.04o / (lo) 


A A1TT /1 1\ 

0.03 11 (13) 


A AA/1 A /1 1 A 

0.0046 (13) 


AA111 /1TA 

0.0131 (lz) 


A AA 11 /1 TA 

—0.0011 (lz) 


CzO 


A A A 1 A / 1 C\ 

0.0436 (1j) 


A f\H A PO\ 

0.0 /4 (z) 


A ACTT ( ~\ A\ 

O.Ojzz (16) 


A AAT A ( 1 CA 

— 0.00ZV (Ij) 


A AAOA /1 7A 

O.OO06 (13) 


A A 1 A 1 / 1 CA 

0.01V1 (Ij) 


P^T A' 

CzO 


A AO /I /T A 

0.0o4 (Z) 


A A /I C 1 / 1 T\ 

0.04jj (1 /) 


A A/1AA /1 C\ 

0.0466 (1 j) 


A AAAO ( 1 AA 

— 0.006o (16) 


A ATAA /1 CA 

0.0Z60 (ID) 


A AAT C / 1 7 A 

—O.OOzj (13) 


p^t 1 
CZ1 


a ai/;q /1 ia 
O.Ojoo (13) 


A ACT2 (A AA 

O.Ojzj (lo) 


A A/1 CT (A A\ 

0.04j / (14) 


A AA1 0/1 TA 

— O.OOlo (lz) 


A AAAO /1 1 A 
0.0060 (11) 


A AAO/1 /1 1A 

0.00V4 (13) 


po i f 
CZ1 


A ACAA /1 ta 
O.Ojoo (1 /) 


A A/1 1 A (\ CA 

0.0410 (1 j) 


A Al CA /1 1\ 

0.03jV (13) 


A AA1 O /1 1A 

—0.003o (13) 


A A1 11 /1 TA 

0.01 15 (lz) 


A AATT /1 1 A 

— O.OOzz (11) 


Czz 


A A A AA / 1 A A 
0.040V (14) 


A A/1 10 /1 C\ 

0.041o (lj) 


A ACTA /1 C\ 

O.OjzO (Ij) 


A AA 1 A /1 TA 

0.0010 (lz) 


A AAT O / 1 1 A 

O.OOzo (11) 


A AATA 7A 

— O.OOzo (13) 


POT 

Czz 


A AC 1 T / 1 ta 

O.OjI / (1 /) 


A AOA ZO\ 

O.OoO (z) 


A AC CT / 1 OA 

O.Ojj / (lo) 


A AA/1 1/1 TA 

0.0043 (1 /) 


A AAAC /1 A\ 

— 0.000J (14) 


A AT AO ( 1 TA 
— O.OZ6O (1 /) 


POO 

Cz3 


A AAA /TA 

O.Ooy (z) 


A A/1 T3 C\H\ 

0.04 /J (1 /) 


A AOA /"TA 

O.OoO (z) 


AA1T/1 /1CA 

— 0.01Z4 (1 j) 


A A1 TO /1 TA 

0.01 /o (1 /) 


A AA/1 T /1 AA 
— 0.004Z (16) 


Cz3 


A A*7C /TA 

0.0 /j (Z) 


A 1 11 (A \ 

O.Ijj (4) 


A ACT /T\ 

O.Oj / (Z) 


A AT 1 /TA 

O.Ozl (z) 


A AA/1 T /1 OA 

—0.004/ (lo) 


A A1 1 /TA 

—0.013 (Z) 


pn y| 

Cz4 


O.Oov (z) 


A A A ZH { 1 A\ 

0.04j / (IV) 


A 1 TA /1\ 

0.1Z6 (3) 


A AAAT /1 TA 

—0.00V / (1 /) 


A AAA /TA 

0.006 (z) 


A AAA /TA 

0.000 (Z) 


P^T /I ' 

Cz4 


A A*7 1 /I A 
0.0/1 (3) 


A 1 AT /A\ 

0.1 Vz (o) 


A AOT /T\ 

O.Ooz (3) 


A A1 O /I A 

0.03o (3) 


A AT 1 /TA 

—O.Ozl (z) 


A A7A /7A 

— 0.03y (3) 




W.U / O ^ J ) 




yj. i jz ^h- j 


w.wwwo ^ 1 OJ 


—0 010 (7\ 


—o n?8 n\ 

u.uzo yz, j 


C25' 


0.053 (3) 


0.178 (6) 


0.128(4) 


0.009 (3) 


-0.002 (3) 


-0.079 (4) 


C26 


0.106 (3) 


0.074 (3) 


0.083 (3) 


0.015 (2) 


-0.007 (2) 


-0.040 (2) 


C26' 


0.059 (2) 


0.115(4) 


0.148 (4) 


-0.011 (2) 


0.022 (3) 


-0.057 (3) 


C27 


0.073 (2) 


0.061 (2) 


0.0580 (18) 


0.0023 (16) 


0.0109(15) 


-0.0106(16) 


C27' 


0.055 (2) 


0.087 (3) 


0.095 (3) 


-0.0116(19) 


0.0107(18) 


-0.028 (2) 
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Geometric parameters (A, ") 



01— CI 


1.205 (3) 


C13— C14 


1.407 (4) 


or— ci' 


1.204 (3) 


C13— H13 


0.9300 


Cl— C5 


1.518 (3) 


C13'— C14' 


1.412(4) 


Cl— C2 


1.528 (3) 


C13'— H13' 


0.9300 


Cl'— C5' 


1.514(4) 


C14— C15 


1.354 (4) 


cr— C2' 


1.529 (4) 


C14— H14 


0.9300 


C2— C6 


1.521 (3) 


C14'— C15' 


1.362 (4) 


C2— C3 


1.573 (3) 


C14'— HI 4' 


0.9300 


C2— H2 


0.9800 


C15— C20 


1.413 (4) 


C2'— C6' 


1.515 (3) 


C15— H15 


0.9300 


C2'— C3' 


1.567 (3) 


C15'— C20' 


1.402 (4) 


C2'— H2' 


0.9800 


C15'— H15' 


0.9300 


C3— C12 


1.530(3) 


C16— C17 


1.360 (5) 


C3— C3' 


1.578 (3) 


C16— C20 


1.405 (4) 


C3— C4 


1.594 (3) 


C16— H16 


0.9300 


C3'— C12' 


1.533 (3) 


C16'— C17' 


1.358 (5) 


C3'— C4' 


1.597 (3) 


C16'— C20' 


1.416(4) 


C4— C19 


1.512(3) 


C16'— H16' 


0.9300 


C4— C5 


1.550 (3) 


C17— C18 


1.412(4) 


C4— H4 


0.9800 


C17— H17 


0.9300 


C4'— C19' 


1.508 (4) 


C17'— C18' 


1.405 (5) 


C4'— C5' 


1.551 (3) 


C17'— H17' 


0.9300 


C4'— H4' 


0.9800 


C18— C19 


1.364 (4) 


C5— C22 


1.514(3) 


C18— H18 


0.9300 


C5— H5 


0.9800 


C18'— C19' 


1.370 (4) 


C5'— C22' 


1.514(4) 


C18'— H18' 


0.9300 


C5'— H5' 


0.9800 


C19— C21 


1.402 (4) 


C6— C7 


1.383 (4) 


C19'— C21' 


1.395 (4) 


C6— Cll 


1.389 (4) 


C20— C21 


1.412(4) 


C6'— C7' 


1.378 (4) 


C20'— C21' 


1.406 (4) 


C6'— Cll' 


1.388 (4) 


C22— C23 


1.376 (4) 


C7— C8 


1.394 (4) 


C22— C27 


1.383 (4) 


C7— H7 


0.9300 


C22'— C27' 


1.375 (5) 


C7'— C8' 


1.394 (4) 


C22'— C23' 


1.388 (5) 


C7'— H7' 


0.9300 


C23— C24 


1.373 (4) 


C8— C9 


1.373 (5) 


C23— H23 


0.9300 


C8— H8 


0.9300 


C23'— C24' 


1.385 (5) 


C8'— C9' 


1.363 (5) 


C23'— H23' 


0.9300 


C8'— H8' 


0.9300 


C24— C25 


1.358 (5) 


C9— CIO 


1.359 (4) 


C24— H24 


0.9300 


C9— H9 


0.9300 


C24'— C25' 


1.363 (7) 


C9'— CIO' 


1.372 (5) 


C24'— H24' 


0.9300 


C9'— H9' 


0.9300 


C25— C26 


1.387 (5) 


CIO— Cll 


1.375 (4) 


C25— H25 


0.9300 


CIO— HIO 


0.9300 


C25'— C26' 


1.388 (7) 


CIO'— Cll' 


1.375 (4) 


C25'— H25' 


0.9300 


CIO'— HIO' 


0.9300 


C26— C27 


1.388 (5) 


Cll— Hll 


0.9300 


C26— H26 


0.9300 
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cir— mr 

C12— C13 
CI 2— C21 
C12'— C13' 
C12'— C21' 



0.9300 
1.371 (4) 
1.402 (3) 
1.365 (3) 
1.407 (3) 



C26'— C27' 
C26'— H26' 
C27— H27 
C27'— H27' 



1.385 (5) 
0.9300 
0.9300 
0.9300 



01— CI— C5 
01— CI— C2 
C5— CI— C2 

or— cr— C5' 
or— cr— C2' 

C5'— Cl'— C2' 
C6— C2— CI 
C6— C2— C3 
Cl— C2— C3 
C6— C2— H2 
Cl— C2— H2 
C3— C2— H2 
C6'— C2'— cr 
C6'— C2'— C3' 
Cl'— C2'— C3' 
C6'— C2'— H2' 
Cl'— C2'— H2' 
C3'— C2'— H2' 
C12— C3— C2 
C12— C3— C3' 
C2— C3— C3' 
C12— C3— C4 
C2— C3— C4 
C3'— C3— C4 
C12'— C3'— C2' 
C12'— C3'— C3 
C2'— C3'— C3 
C12'— C3'— C4' 
C2'— C3'— C4' 
C3— C3'— C4' 
C19— C4— C5 
C19— C4— C3 
C5— C4— C3 
C19— C4— H4 
C5— C4— H4 
C3— C4— H4 
C19'— C4'— C5' 
C19'— C4'— C3' 
C5'— C4'— C3' 
C19'— C4'— H4' 
C5'— C4'— H4' 
C3'— C4'— H4' 
C22— C5— Cl 



126.3 (2) 

124.3 (2) 

109.4 (2) 
126.0(3) 

123.5 (3) 
110.4 (2) 
109.19(19) 
117.6(2) 
104.56 (19) 
108.4 
108.4 
108.4 
109.3 (2) 
117.0(2) 

105.6 (2) 
108.2 
108.2 
108.2 
114.3 (2) 
111.90(19) 
110.57(18) 
103.32 (18) 
105.72 (18) 
110.64(19) 

114.3 (2) 
111.93 (19) 
110.7(2) 
103.0 (2) 
105.83 (19) 
110.55(19) 
113.7(2) 
105.17(19) 
107.35 (19) 
110.2 
110.2 
110.2 
113.8(2) 

105.4 (2) 
107.8 (2) 
109.9 
109.9 
109.9 
115.3 (2) 



C13'— C12'— C21' 
C13'— C12'— C3' 
C21'— C12'— C3' 
C12— C13— C14 
C12— C13— H13 
C14— C13— H13 
C12'— C13'— C14' 
C12'— C13'— H13' 
C14'— C13'— H13' 
C15— C14— C13 
C15— C14— H14 
C13— C14— H14 
C15'— C14'— C13' 
C15'— C14'— H14' 
C13'— C14'— H14' 
C14— C15— C20 
C14— C15— H15 
C20— C15— HI 5 
C14'— C15'— C20' 
C14'— C15'— H15' 
C20'— C15'— HI 5' 
C17— C16— C20 
C17— C16— H16 
C20— C16— HI 6 
C17'— C16'— C20' 
C17'— C16'— HI 6' 
C20'— C16'— HI 6' 
C16— C17— C18 
C16— C17— H17 
C18— C17— H17 
C16'— C17'— C18' 
C16'— C17'— H17' 
C18'— C17'— H17' 
C19— C18— C17 
C19— C18— H18 
C17— C18— H18 
C19'— C18'— C17' 
C19'— C18'— H18' 
C17'— C18'— HI 8' 
C18— C19— C21 
C18— C19— C4 
C21— C19— C4 
C18'— C19'— C21' 



118.3(2) 

132.7 (2) 

109.0 (2) 
119.2 (3) 
120.4 
120.4 

119.1 (3) 
120.4 
120.4 

122.8 (3) 
118.6 
118.6 

122.5 (3) 
118.8 
118.8 

120.4 (3) 
119.8 
119.8 

120.1 (3) 
119.9 
119.9 

120.2 (3) 
119.9 
119.9 

120.6 (3) 
119.7 
119.7 
122.6 (3) 
118.7 
118.7 
122.6 (3) 
118.7 
118.7 
118.7(3) 
120.7 
120.7 

118.5 (3) 
120.8 
120.8 

119.2 (2) 
132.1 (3) 

108.6 (2) 

119.3 (3) 



Acta Cryst. (2012). E68, o1329 



sup-9 



supplementary materials 



PC P A 
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119.7 
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119.7 
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1 1 A A \ 
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C9 — Co — Ho 
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120.0 
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119.6 
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Co — C9 — H9 


1 ^A A 

120.0 
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120.4 
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120.2 (3) 


f • t\ pin TT| A 

cy — cio — hio 


1 1 A A 

1 19.9 


P 1 1 p 1 /\ HI A 

Cll — CIO — HIO 


119.9 


/-iai ri i rw p i i / 

C9 — CIO — Cll 


120.3 (3) 


p t\ i ni a( xt 1 A' 

C9 — CIO — HIO 


1 1 A A 

119.9 


p 1 1 ( p 1 A/ HI A/ 

Cll — CIO — HIO 


119.9 


p i /~\ p i -i p /- 

CIO — Cll — Co 


121.5 (3) 


ri i a PI | TT11 

CIO — Cll — Hll 


1 1 A 1 

H9.3 


P£ P 1 1 IT 1 1 

Co — Cll — Hll 


119.3 


CIO'— Cll'— C6' 


121.6(3) 


CIO'— Cll'— Hll' 


119.2 


C6'— Cll'— Hll' 


119.2 


CI 3— CI 2— C21 


118.0(2) 


CI 3— CI 2— C3 


132.9 (2) 



P1 Ol /"^1A' At 

CI 8 — C19 — C4 


m o pi\ 

131.8 (3) 


C21 — C19 — C4 


1 AO A /a \ 

108.9 (2) 


p 1 /: poa po 1 

C 1 6 — C20 — C2 1 


1 1 / *7 SI \ 

116.7 (3) 


pi/ POA P1C 

C 1 6 — C20 — C 1 5 


in c /o \ 

127.5 (3) 


C2 1 — C20 — C 1 5 


1 1 C A /"} \ 

115.9 (3) 


C 1 5 — C20 — C2 1 


i 1 / a pi\ 

116.7 (3) 


rii f/ po A' pi /J 

C15 — C20 — Clo 


in j \ 

127.4 (3) 


PO 1 f PO A' /~i 1 // 

Cz 1 — C20 — C 16 


115.9 (3) 


pin po 1 p 1 o 

C 1 y — C2 1 — C 1 2 


i i a / /a\ 

11 S. o (2) 


Pin p o i p o a 

C 1 9 — C2 1 — C20 


iaa / /-> \ 

122.6 (3) 


p 1 O p O 1 p O A 

C 1 2 — C2 1 — C20 


123.7 (3) 


pi A| PO 1 ' p o A' 

C 1 V — C2 1 — C20 


no o \ 

123.2 (3) 


pifl' riai ( p 1 O ' 

Cly — C21 — C12 


liar /a\ 

113. o (2) 


p O A ' pal f pi Af 

C20 — C2 1 — C 1 2 


1 ai o \ 

123.2 (3) 


p o "> pn pn 

C2j — C22 — C27 


118.4 (3) 


POO pn r c 

C2J — C22 — C5 


101 c /o\ 

121.5 (2) 


PO ^7 pn r < c 

C27 — C22 — C5 


1 TA 1 /ON 

120.2 (2) 


POT I poT f i^^^t 

C27 — C22 — C23 


1 1 o a /a\ 

118.3 (3) 


p O T POT' /''CI 

C27 — C22 — C5 


1 o 1 a /a \ 

121.9 (3) 


L23 — C22 — C5 


1 1 A H P5\ 

119.7 (3) 


PO/1 POT POO 

C24 — C23 — C22 


in o /1\ 

121.2 (3) 


PO/1 POO TTOO 

C24 — C23 — H23 


1 1 A yl 
119.4 


/-in rial t t /-\ -> 

C22 — C23 — H23 


119.4 


p o /I f p T)( POT ' 

C24 — C23 — C22 


120.5 (4) 


/^O/l' /^OT TJOl' 

C24 — C23 — H23 


1 1 A O 

119.8 


ri a a t na if t ia *i / 

C22 — C23 — H23 


119.8 


ri a na /i ria 

C25 — C24 — C23 


1 a n / / a \ 

120.6 (4) 


p O C po A TT1 /I 

C25 — C24 — H24 


1 1 A H 

119.7 


POO po /I TTT/1 

C23 — C24 — H24 


1 1 A H 

119.7 


p o c ' r " o /i f po Ai / 

C25 — C24 — C23 


120.5 (5) 


par [ f^^Al TTA./I' 

C25 — C24 — H24 


1 1 A H 

119.7 


pair PO /I f t to A t 

C23 — C24 — H24 


1 1 A A 

119.7 


PO/1 poc po^: 

C24 — C25 — C26 


1 1 A £. /O \ 

119.6 (3) 


p o A POC Tllf 

C24 — C25 — H25 


120.2 


p O / POC TTTC 

C26 — C25 — H25 


120.2 


P o ,1 ' par/ po/"/ 

C24 — C25 — C26 


1 a A A / A \ 

120.0 (4) 


/~"^ A I /"'TC TTOC/ 

C24 — C25 — H25 


1 O A A 

120.0 


p o /" ' r ^ O C / T T1 c / 

C26 — C25 — H25 


120.0 


par p o /" POT 

C25 — C26 — C27 


119.6 (4) 


PIC pa/ TTO/ 

C25 — C26 — H26 


1 OA O 

120.2 


P0 1 f"' O /I TTA/ 

C27 — C2o — H26 


1 OA O 

120.2 


r 1 o t / po / / p o c / 

C27 — C26 — C25 


119.1 (5) 


POT PO/^' TTT/'f 

C27 — C26 — H26 


1 OA C 

120.5 


C25'— C26'— H26' 


120.5 


C22— C27— C26 


120.6(3) 


C22— C27— H27 


119.7 


C26— C27— H27 


119.7 


C22'— C27'— C26' 


121.6(4) 


C22'— C27'— H27' 


119.2 
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P11 p 1 1 PI 

C21 — Liz — C3 


109.0 (2) 


p i rii p i p /r 
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OA £ /T\ 

80.6 (3) 
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C5 — CI — C2 — Co 


no a 

-9o.4 (2) 


p 1 p I PI P ") 
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-152.8 (2) 


PC r i i p --> /"il 

C5 — C 1 — C2 — C3 


28.3 (2) 


p. 1 ' p 1 f p/c 

Ul — CI — C2 — Co 


73.5 (4) 


C5 — CI — C2 — Co 


1 A A £ /"J\ 

— 1U4.6 (3) 


Ul — CI — C2 — C3 


— 139.5 (3) 


PC' pi ) Plf 

C5 — CI — C2 — C3 


22.1 (3) 


p/: po f "^ p i <■> 

Co — C2 — C3 — C 1 2 


-5.6 (3) 


p i PI P "> P11 

C 1 — Cz — C3 — C 1 2 


-126.8 (2) 


p s ( 11 po p "J t 
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1 11 A /1\ 

— 132.9 (2) 


p i pi PO p --> f 

CI — C2 — C3 — C3 


1 AC A 

105.9 (2) 


p / f~\r\ P "> p /( 

Co — C2 — C3 — C4 
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107.3 (2) 
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1 1 A /1\ 

-13.9 (2) 
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p 1 ' pt p">' p 1 t 

C 1 — C2 — C3 — C 1 2 
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-123.6 (2) 
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